grazed area contained 5 to 10 times more FC than runoff from the fenced, ungrazed area. There was little difference in TC counts between the two areas, but FS counts were higher in runoff from the ungrazed area and reflected the contributions from wildlife. Recommended bacteriological water quality standards, developed for point source inputs, may be inappropriate for characterizing nonpoint source pollution from pasture runoff. The FC/FS ratio in pasture runoff was useful in identifying the relative contributions of cattle and wildlife. Ratios below 0.05 were indicative of wildlife sources and ratios above 0.1 were characteristic of grazing cattle. Occasions when the FC/FS ratio of diluted cattle waste exceeded one resulted from differential aftergrowth and die-off between FC and FS. The FC/FS ratio and percentage of Streptococcus bovis in pasture runoff are useful indicators for evaluating the effectiveness of livestock management practices for miinimizng bacterial contamination of surface water. The importance of choice of medium for the enumeration of FS in runoff derived from cattle wastes is discussed.
In the past, water pollution control policies have concentrated on abatement of municipal and industrial point sources, while the relative contribution from nonpoint sources was assumed to be small. More recently, the validity of this assumption has been seriously questioned. An estimated one-third of the pollutants entering United States waters comes from nonpoint sources. Current water quality legislation (P.L. 92-500, Sec. 208) requires the evaluation of nonpoint source pollutants and the implementation of plans to abate such pollutant discharge into navigable waters in the United States by 1985 .
The movement of animal wastes into surface and ground waters is often cited as a major factor contributing to the pollution of available water in many regions. Over one-third (300 x 106 ha) of the land area of the continental United States is used for grazing livestock and receives 50% of all livestock wastes (U.S. Department of Agriculture, Agricultural Statistics, 1977) . Consequently, the evaluation of the impact of animal-grazing operations on water quality is an important component in assessment and imple-mentation plans for abatement of pollution from nonpoint sources. Information available on the impact of cattle-grazing operations on water quality indicates that pollution problems are usually associated with increased sediment or bacterial counts in runoff water (17, 19) . The bacteriological quality of the runoff water is evaluated by comparison with recommended water quality standards. At best, the use of such standards, usually developed for evaluation of point source inputs, is tenuous because nonpoint runoff from agricultural cropland, ungrazed pasture, and urban areas often exceeds the same standards (10, 24, 25 24 h, and totaled at 48 h. These times were chosen to allow better visualization of hydrolysis zones. Starch hydrolysis was evidenced by the formation of clearing zones around red colonies against a blue background.
Laboratory incubations. A study was conducted to determine the population changes of FC, FS, and starch-hydrolyzing FS with time in autoclaved runoff water that was inoculated with cattle feces and stored at 4 and 21°C. The inoculum was a composite (six subsamples) of manure that had been freshly deposited by cattle grazing on pasture. The composite sample was transported at 37°C and 3 h after sampling was diluted 10-2 to 10-3 with autoclaved runoff water in 150-ml milk dilution bottles and incubated at 4 and APPL. ENVIRON. MICROBIOL.
VOL. 37, 1979
21°C. These dilutions were chosen to simulate bacterial concentrations which had been found in pasture runoff. Each dilution and temperature series was replicated three times. Bacterial counts were made every 8 h for 2 days.
RESULTS
Bacteriological quality of snowmelt runoff. During the 3-year study, there were 10 snowmelt runoff events-two in 1976 and 8 in 1978. The data for indicator counts of snowmelt runoff (Table 1) represent the range for averages of one to two samples per event. The levels of TC in snowmelt runoff from both grazed and ungrazed pasture areas (Table 1) exceeded recommended water quality standards ( Table 2) . FC counts, often considered a better index of fecal contamination, were within recommended standards. Since snowmelt runoff occurred in early spring before animals were placed on the pasture, the FC counts in runoff from the grazed pasture were minimal.
The increase in FS counts in the ungrazed as compared with the grazed area was also reflected by a much lower FC/FS ratio in runoff from the ungrazed area. While sampling, we observed an increase in wildlife activity in the smaller, better protected, control area-e.g., numerous fecal droppings from field mice and rabbits.
Rainfall runoff. Because of dry weather conditions, only two rainfall runoff events occurred during the 1976 season. In contrast, the 1977 season was very wet (108 cm of rain), and 20 Counts for TC and FC ( Fig. 2a and b ) from both grazed and ungrazed pasture areas usually exceeded recommended water-quality standards. Counts for TC and FC were within recommended standards only when temperatures were low (both areas) or when cattle were absent from the main pasture. There was little difference between TC counts for the two areas, but FC counts were 5 to 10 times higher in runoff 7t from the grazed area as compared with runoff from the ungrazed area. FS counts in rainfall runoff from the ungrazed area were consistently higher than counts in runoff from the grazed pasture (Fig. 2c) . These high FS counts in the ungrazed area are best explained, as stated earlier, by the increased wildlife activity noted in this area.
We found no relationship between FC and FS counts in rainfall runoff (Fig. 2b and c) and either rainfall or total runoff for most events. However, there was an apparent relationship between FC and FS counts in runoff from the main pasture and animal stocking density and air temperature (Fig. 3) 
A comparison of FC/FS ratios in runoff between the grazed and ungrazed pasture areas revealed the differences in FC and FS levels in runoff from each area (Fig. 4) . The FC/FS ratio in runoff from the grazed pasture ranged from 0.04 to 1.2 with an average of 0.26 for the season. The FC/FS ratios were lowest during times of the year when cattle were off the pasture or present in very low numbers (Fig. 3) . The FC/ FS ratio in runoff from the ungrazed area was much lower than that from the grazed area, because of lower FC and higher FS counts, and averaged 0.023 with a range of 0.001 to 0.08.
Die-off and aftergrowth relationships.
The effects of cattle management on bacteriological characteristics of runoff are shown in Table 3 . In 1976 the weather was very dry for the 3 months before the 26 September rainfall event. The cattle (299 animal units), which had been placed on the pasture on 24 September, had remained in the upper pasture near the watering areas because of the dry conditions and the less succulent pasture forage. The FC/FS ratio in runoff at this time was only 0.014, with no starch hydrolyzers detected. Analysis of runoff 1 week later (3 October), when cattle were uniformly distributed across the pasture, revealed the presence of starch-hydrolyzing FS and an average FC/FS ratio of 3.0. The increase in both indicators apparently resulted from the presence of fresh feces in the October runoff, since animals approached within 10 Applying data from our laboratory study for incubation times greater than 8 h to field conditions would be inappropriate because the maximum lapse time for runoff over the total length of pasture was less than 4 h.
DISCUSSION
The bacteriological quality of runoff from pasture and rangeland often exceeds water quality standards. In our study, TC counts in runoff from both grazed and ungrazed pasture exceeded recommended water quality standards ( (5), who analyzed stream water from three pristine watersheds in northern Utah that had been protected from fire, domestic livestock, and timber cutting for 45 years, found TC, FC, and FS counts ranged to maxima of 570, 183, and 500 organisms per 100 ml, respectively. Kunkle (12) obtained similar results in runoff from a hayfield in a rural Vermont watershed that had not been grazed, manured, or fertilized for over 8 years; yet the TC and FC counts in runoff ranged to maxima of 16,000 and 1,000 organisms per 100 ml, respectively. Goodrich et al. (9) found that the elevated indicator counts in reservoir water of a closed watershed in Montana, as compared with those in a nearby reservoir with a contributing Aside from distinguishing human from nonhuman pollution sources, the FC/FS ratio seems useful in determining the relative contributions of domestic cattle and wildlife in runoff from grassland area. In our study, FC/FS ratios in runoff from grazed pasture were 11 times higher than those in runoff from the ungrazed area. Meiman and Kunkle (15) found that the mean FC/FS ratio in stream water from a grazed watershed in North Central Colorado was six times higher than that in stream water of a paired, undisturbed watershed. These differences in FC/FS ratios are undoubtedly related to differences in FC and FS populations in the feces of different animal groups. Geldreich (7) summarized the information available on the FC/FS ratios of the feces of warmblooded animals, part of which follows: average for human feces, 4.3; cattle, sheep, and poultry, from 0.104 to 0.421; and wild animals (including rabbits, field mice, chipmunks, and birds), 0.0008 to 0.043. Apparently, FC/FS ratios for the feces of wild animals are at least 10-fold lower than those of domestic livestock.
The FC/FS ratio seems to be useful in evaluating the effects of cattle management and distribution on runoff water quality. FC/FS ratios between 0.7 and 4.0 may indicate situations where cattle are localized close to sampling or outflow points. The use of the FC/FS ratio to distinguish human from nonhuman pollution sources in stream and well waters has been questioned, because it requires a careful consideration of the age of wastes, and should not be used for wastes over 24-h old (8, 14) . Our findings, however, would substantiate the conclusion by Feachem (6) that the increase in FC/FS ratio from an initially low value is related to differential die-off rates and is characteristic of domestic animal wastes.
We found the FC/FS ratio of runoff water containing fresh bovine feces increased from 1.1 to 315.1 within 40 h at 21°C (Table 4) . This dramatic increase resulted predominantly from aftergrowth of FC (330-fold increase) since FS counts remained constant during the same time interval. These findings confirmed our original field observations that elevated FC/FS ratios could be expected in runoff containing fecal organisms of recent origin.
As suggested by Middaugh et al. (16) , the presence of S. bovis in water is an indicator of APPL. ENVIRON. MICROBIOL.
contributions from ruminant livestock since it is usually absent from or present in reduced numbers in the feces of wild animals (3, 7). Because S. bovis has a short half-life outside of its respective host (8, 14) , its presence in water is also an index of how recently the waste was deposited. Our findings confirm this observation. Total FS counts changed very little in runoff containing fresh bovine feces. However, the numbers of starch-hydrolyzing FS (presumably S. bovis) decreased from 81% of the total FS population to less than 20% within 40 h at both 4 and 210C.
In evaluating the available literature on FS populations in water impacted by cattle, we must pay careful attention to the media used for enumeration of FS and S. bovis. Many of the media commonly used for enumeration of FS are inappropriate for characterizing fresh cattle wastes because of reduced ability to recover S. bovis. Switzer and Evans (23) reported poor recovery of S. bovis from bovine fecal samples with M-enterococcus agar, SF broth, or KF broth. Middaugh (16) attributed such reduced recovery to the presence of levels of azide in these media which are inhibitory to S. bovis. PSE agar has a lower level of azide and has been shown to be most effective in recovery of S. bovis (13, 20, 23) .
The choice of media is important for proper enumeration of FS in water where fecal materials from different sources are involved. For example, PSE agar would be an appropriate choice for counting FS in water where bovine livestock are the source. However, Brodsky and Schiemann (2) reported that KF agar was more effective than PSE agar in recovery of FS from sewage effluent on membrane filters. Investigators should carefully evaluate several media for enumeration of FS where inputs from sewage and domestic livestock or wildlife are expected. The improper selection of media may greatly alter the FC/FS ratio (11) and interpretation of the type of fecal pollution involved.
A major directive of the Federal Water Pollution Act of 1972 (P.L. 92-500), Sec. 208, to federal and state agencies is evaluation of the impact of land-use practices on water quality and implementation of abatement measures for nonpoint sources of pollution. Included in abatement measures is the use of "Best Management Practices." The worthy purpose of this legislation is that we become better stewards of our environment to preserve it for present and future generations; however, the indiscriminate implementation of this legislation could place unfair restrictions upon agricultural and other land-use practices. Our current recommended standards for the bacteriological quality of water, using indicator groups, have served well in improving sanitary standards and in reducing pollution from point sources. However, our findings indicated that fecal contributions from wildlife alone can exceed recommended water quality standards. We should not expect runoff from livestock production land to meet water quality standards that cannot be met by land on which wildlife are the only source of fecal bacteria.
In many cases, good management of grazing livestock can reduce bacterial contamination of adjacent water bodies to levels which are typical of natural conditions (4, 22) . An objective evaluation of different management practices, good or bad, will require the use of water quality indicators that will separate livestock inputs from those of wildlife.
The FC/FS ratio and numbers of S. bovis in pasture runoff are useful indicators for both identifying and evaluating the relative fecal contributions from domestic livestock and wildlife. These indicators are also valuable in determining the effectiveness of different livestock management practices for minimizing bacterial contamination of surface waters. Further research is needed to evaluate the application of these specific indicator groups for determining the specific contributions of wildlife and domestic livestock to nonpoint source pollution.
